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Small Bowel Perforation in Blunt Abdominal Trauma
C. Grodsinsky, M.D.* and Brock E . Brush, M.D.*
This review of pre- and post-operative management of six cases of small bowel
perforation secondary to blunt abdominal trauma provides the opportunity to
analyze the problems involved in prompt diagnosis and adequate care. Some of the
possible mechanisms producing the perforation are discussed. In order to prevent
undue delays in diagnosis, changes in clinical picture should warrant early
surgical exploration. This avoids increased rates of mortality and prolonged
morbidity.

It has also been estimated that, following severe injury, one-third of the
victims will be dead on arrival, onethird will die within six hours after
arrival, and one-third will survive.^ The
mortality rate for a single injury to
the liver is approximately 5-10% but
it increases to approximately 25%
when there is an injury to another organ. When two other organs are involved, the mortality rate rises to 4050% .2
Among our patients, only one had
an associated injury to the large bowel
requiring exteriorization. The patient
survived. Only one patient died, a diabetic whose operation took place about
24 hours after the injury accident. The
average time between first examination
and operation in this series of six was
21 hours.
Small intestinal injuries, excluding
the duodenum, are encountered less
frequently. 3 In a large series from the
Charity Hospital in New Orleans,^ over
a period of 15 years, injury to the
small bowel occurred in 32 of 518
patients admitted for blunt abdominal
trauma, there were 359 operations in
this group.
A total of 145 patients was admitted to the Henry Ford Hospital
from 1964 through 1969, with the
diagnosis of blunt abdominal trauma

Patients with non-penetrating trauma to the abdomen present diagnostic
and therapeutic difficulties due to the
variety of injuries that can occur, associated extra-abdominal injuries, and
diagnostic delays. In the past 20 years,
blunt trauma to the abdomen has been
frequently due to automobile accidents.
This report of six cases of small bowel
perforation includes three due to car
accidents, two to accidents at work,
and one from a fall. Gahagan et al in
1955 reported most of their series
were caused by industrial accidents.^
Strict enforcement of safety measures,
we believe, has led to a reduction of
these trauma cases in industry.
Solid viscera are injured most frequently in blunt trauma, and the small
intestine is injured most commonly in
penetrating abdominal wounds. An
analysis- of pedestrian and automobile
accidents showed that rupture of the
spleen occurs most commonly, followed closely by injury to the liver, kidneys and pancreas. Solid organs in
general are involved in almost 50%
of all abdominal injuries.- This is not
difficult to understand, considering the
high tissue density of these organs and
their relatively fixed position in the
abdomen.
*Department of Surgery
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TABLE I
BLUNT ABDOMINAL TRAUMA 1964 - 1969
Total:
145
Surgery: 47
.With ileus-3
1. Trauma abd. walli^T
With no ileus-35
1 with (pancreas transsection) (IVC
lac.) - died
2. Liver - 5 ^ — 1 with (spleen rupture) (pneumothorax) died in E. R.
1 with (spleen rupture) (pancreas and
duod. hem.) - survived
^Operated-4
3. Kidney
Hematuria-27 - one with hemothorax
y l died of pneumonia
^Immediate rupture-17<^
4. Spleen ^
1 died at surgery
^Delayed rupture-6
(chest injuries)
At surgery - 4 - died - 1
serum amylase Conservative treatment - 6
Mesenteric vessels - 3
Bladder - 1 with liver laceration
Retroperitoneal hemorrhage - 2
^ \ plus small bowel
Large bowel - 3 ~ 1 died few hours after surgery
^ 1 with ruptured spleen
Small bowel - 6 - 1 died

5. Pancreas
6.
7.
8.
9.
10.
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suffered ruptured spleens. Another,
who died a few hours after surgery,
had a large bowel laceration; and one,
who died 30 days postoperatively from
renal failure, had ruptures of the pancreas and kidneys. The sixth death
occurred in a diabetic patient admitted
for a fractured humerus but who had
been in an unreported auto accident
the day before. A single small bowel
laceration was then diagnosed and
operated upon (Fig 1). This patient
succumbed to peritonitis.
Seventy cases out of 145 were
caused by automobile accidents, 21
were due to pedestrian fatalities, 18
were considered to be produced by
fights, and 9 occurred at work (Table
IV). Twenty-five cases were due to
falls which were probably responsible
also in two elderly people from whom
no history of trauma was elicited.

(Table I and 11). Four cases of duodenal injury secondary to non-penetrating trauma were not included because they were reported elsewhere.''
In Table I I I , it can be seen that
one patient died before treatment
could be instituted. The coroner's
autopsy showed extensive liver lacerations, ruptured spleen, and a complete
left sided pneumothorax. Ninety-seven
patients were treated conservatively
with no unexpected mortality or morbidity. Forty-seven were treated surgically and of these, six died—two of
them on the operating table. Both patients presented multiple organs injured. One had severe chest injuries
and a ruptured spleen; the other had
liver and pancreas injuries, and an
inferior vena cava laceration. Of the
four other deaths, two were due to
pneumonia in elderly people who had

TABLE II
BLUNT ABDOMINAL TRAUMA
1964 - 1969
Total

•145

Died before
1
treatment
Non-oper. management 97
Treated surgically
47
Died during or
6 (2 at
after surgery
surgery)
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TABLE III
CAUSE OF TRAUMA
Auto accident - 70
Pedestrian - 21
By men - 18
Blows to abdomen
By objects - 9
(at work)
Falls - 25
Other - 2

No history of trauma
(splenic rupture)
(probable falls)
although his WBC went up to 24,000/cu mm.
He developed some guarding and rebound
tenderness in the lower abdomen. At operation a perforation of the ileum, retroperitoneal hematoma, hematoma of the mesentery, and contusion of the left colon were
found. The perforation of the small bowel
was closed and the colon was exteriorized.
Recovery was uneventful.
Case No. 3 was a 25-year-old man, the
driver in an auto accident. Although examination showed the abdomen was soft there
was generalized pain on palpation. There
was no rebound, and no masses could be
felt. He was afebrile, hemoglobin was 13.7
gm%, the WBC was not recorded, and
abdominal x-rays were reported as negative.
Twelve hours after admission, the patient's
condition deteriorated and x-rays of the abdomen revealed free air (Fig 2). At surgery,
a transsected jejunum was found. The injury
was approximately eight inches from the
ligament of Trietz. A resection was performed. His postoperative course was uneventful.
In Case No. 4, a 9-year-old boy fell and
sustained trauma to his abdomen approximately 10 hours prior to admission to the
hospital. Examination revealed peritoneal

Report of Cases
Case No. 1. A 49-year-old man, involved
in an auto accident 36 hours prior to admission, had hit his abdomen against the
steering wheel. He was first taken to another
hospital and then referred to Henry Ford
Hospital. Examination revealed distention,
hypoactive bowel sounds in the left lower
quadrant. Guarding and rebound were also
present. His temperature was 104° F with
a pulse of 120. White blood count on admission was 7,200 cu mm. X-rays showed small
bowel dilatation but no free air (Fig 1). A
left lower quadrant tap revealed purulent
material. Rupture of the proximal ileum
with generalized peritonitis was found at
operation when resection of ileum and
drainage of the abdomen were done. Ileus
continued postoperatively, but the patient
finally improved and was discharged.
Case No. 2 was a 45-year-old man injured
by a heavy metal object at work. At examination* the abdomen was soft and tender
over the hypogastrium and lower quadrants,
bowel sounds were hypoactive. WBC was
18,500/cu mm and hemoglobin was 15 gm%.
X-rays of the abdomen were negative. His
condition remained unchanged for two days
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been involved in an automobile accident as
the driver. Later, his pulse became increasingly more rapid although his abdominal
findings did not change greatly. X-rays
showed no free air, but increasing abdominal distention was observed. On exploration,
a perforation of the jejunum was found
requiring resection and anastomosis. The
patient's condition deteriorated, requiring
tracheostomy and assistance in respiration.
He eventually succumbed to peritonitis.
Discussion
The destructive forces created in
closed trauma may produce crushing,
tearing, or bursting within the abdomen. These forces are readily transmitted to solid organs that are fixed
in position,!' 3
(-j^^t the kidneys, liver
and spleen are most frequently injured.

Figure 1
Small and large bowel dilatation. No free air.

The small bowel, however, lies coiled in the mid-abdomen and is capable
of considerable mobility. It can escape
forces transmitted to the peritoneal
cavity. Several theories have been pos-

irritation, and x-rays showed free air under
the diaphragm (Fig 3). His WBC on admission was 6,200/cu mm. At surgery, a
small perforation was found approximately
in the mid-jejunum, which was sutured in
layers. Distention occurred postoperatively
and a small bowel obstruction was suspected.
He was re-operated and lysis of adhesions
was performed. He then followed an uneventful postoperative course.
Case No. 5. A 23-year-old male who had
been crushed between two tractors was
brought to the Emergency Room with pelvic
fractures and x-ray evidence of ileus. WBC
at that time was 27,000/cu mm. Because of
a deteriorating condition with progressive
rigidity of the abdomen, emergency laparotomy was performed and laceration of the
mesentery and perforation of the small
bowel were found. After resection, he had
an uneventful postoperative course.
Case No. 6. A 64-year-old man, brought
by the police to the Emergency Room, was
admitted for a fractured humerus. He was
known to be a diabetic. On admission, he
had no complaints referrable to the abdomen. He was afebrile, had normal blood
pressure and pulse, and his leucocyte count
was within normal limits. Eighteen hours
after admission, he became distended and
complained of some abdominal pain. At
that time, notice was received that he had

Figure 2
Chest x-ray showing free air under diaphragm.
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Figure 3
Free air under diaphragm in an upright view
of the abdomen.

tulated to explain the mechanism of
small bowel perforation in blunt abdominal trauma. Weiss^ noticed that all
of his cases had had previous surgical
operations with resultant intra-abdominal adhesions. He emphasized that this
factor, by fixing the small bowel in
position, increases the possibility of
damage from blunt trauma. Poer''
thinks this type of perforation results
most frequently when an external force
compresses the small bowel against the
spine, such as in a crushing injury.
Occasionally, tearing injuries may
result from a violent force applied tangentially to the abdomen.^ Bursting
injuries of the normal bowel are rare.
When a sudden force is applied to the
abdominal wall, the increased intraperitoneal pressure is transmitted to

Figure 4
Artist's interpretation of one possible mechanism of small bowel perforation in blunt
abdominal trauma.
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the hollow viscerae. The lengthened
tortuosity of the intestinal tube is such
that the sudden increase in pressure
in a portion of the small bowel may
not be dissipated by release through
the open ends. The pressure may become maximal at a point near a turn
or kink. It is at this point that the
rupture could occur (Fig 4).

to be high, it may be due to advances
in patient care—namely, adequate replacement of fluid, electrolytes, and
blood. The use of tube suction and the
value of antibiotics are worth mentioning.
Just a few years ago, in the series
of Geohagan et al.^ when the interval
exceeded 12 hours the mortality
rate was 66%. In the postoperative
period, one of our patients developed
small bowel obstruction that needed
re-operation, one patient developed
persistent ileus which finally responded
to conservative measures, and three
patients had continuous drainage from
their peritonitis.

Geohegan et aP conducted experiments some years ago in which they
measured intra-luminal bowel pressure
and applied their variations as graded
forces to the anterior abdominal wall
in the supine animal. Eight foot pounds
of force produced an increase in the
pressure of the ileum to 300 mms of
mercury. According to previous experiments by Wangesteen*' the bursting
strength of canine small bowel is between 300 and 1000 mms of mercury,
and that of the human small bowel
between 140 and 260 mms of mercury.
These experiments provide another
satisfactory explanation for the mechanism of rupture of the small intestine
in blunt abdominal trauma.

There are various theories to explain the delay in diagnosis with the
so-called delayed rupture of the small
bowel which, according to Hicken and
Carlquist,'' may occur from 12 hours
to 10 days after the initial contusion.
Hematoma formation with gradual
compromise and ischemia to a localized area of the small intestine results
in necrosis, perforation, and peritonitis.
This is reasonably explained in children or in patients who have very little
omentum or in whom the omentum has
been drawn into an area and fixed.
Usually, the omentum readily moves
around trying to heal the perforation.

The diagnosis in penetrating abdominal trauma has not presented a great
problem because, with few exceptions,
all such wounds are explored. Blunt
trauma presents a more subtle and difficult problem. Therefore, history taking is very important, particularly
knowledge of the circumstances in
which the trauma occurred. The source
of violence, the height of a fall, or
the position of the injured patient in
an automobile are all to be considered.

We feel that the diagnosis of injury
in closed abdominal trauma rests primarily on clinical evaluation. Pulse
and respiratory rates, temperature
charts, and particularly repeated careful examinations of the abdomen by
the same examiner are important. Negative x-rays of the abdomen are of no
value. Free air has only been reported
in 34% of the cases." In our patients,
one presented with an ileus (Fig 1),
two showed free air under the dia-

Delays in arriving at diagnosis are
not rare and have been reported to be
approximately seven hours." In our
series, in spite of the average delaying
diagnosis, only one patient died. A l though this mortality does not appear
147

Grodsinsky and Brush
phragm (Fig 2 and 3), and the others
were essentially negative.
Abdominal tap is helpful only if the
results are positive. Only one of our
six was. The value of the positive
diatrizoate test in urine of patients
with large and high smaU bowel perforations has been reported recently.^"
Conclusions
Although blood, fluid, and electrolyte replacement represent important
adjuvants in the treatment of these
patients, prompt surgical therapy is

the most important factor in restoring
the patient to health. Evidence of
developing peritonitis is an absolute indication for exploration. Short of certain obvious signs, however, particular
attention should be paid to the association of high fever, tachycardia,
tachypnea, rapidly developing ileus
and marked shift to the left in the
presence or absence of leukocytosis.
Exploration on suspicion is warranted
to avoid increased rates of mortality
and prolonged morbidity.
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